Introduction
Chronic obstructive pulmonary disease (COPD) is a significant cause of mortality and morbidity worldwide and represents the most common chronic lung disease [1] . Diagnosis of COPD often occurs late in the course of the disease, when symptoms are advanced. Although controversy exists regarding exactly how the course of the disease can be modified, early diagnosis could provide opportunities to modify risk factors such as tobacco use and limit disease progression. Challenges in the diagnosis of COPD will be explored in this article.
Diagnosis of COPD
Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease, marked by persistent airflow limitation and chronic lung and systemic inflammation, usually due to exposure to noxious particles or gases, most commonly tobacco smoke and biomass fuels [2 •• ]. The diagnosis should be suspected in patients with cough, sputum production, fatigue, or shortness of breath who have exposure to a known cause, such as tobacco smoke, biomass fuel, or occupational dusts or chemicals. Spirometry is required to confirm the diagnosis, specifically a FEV1/FVC ratio of less than or equal to 70 % which is not reversible. In the earliest phase of disease, patients with COPD often have minimal or no symptoms. Patients readily adapt their lifestyles to offset diminished exercise capacity and rarely seek evaluation early in the disease. Cough, wheezing, sputum production, and shortness of breath are symptoms, which become increasingly more common as spirometric values of lung function decline. However, up to 21 % of patients with severe to very severe airflow limitation by spirometry describe no symptoms [3] . Even when symptoms arise, they are nonspecific, with a recent study showing that even when three or more of the common symptoms of COPD are present, they cannot discriminate between patient with or without airflow obstruction [4 • ]. Patients can also present with different complaints. Studies have shown that male patients with COPD present more commonly with complaints of cough and phlegm production, whereas female patients often note more dyspnea and decreased quality of life, even with lower pack years of tobacco use and similar lung function [5, 6] . Gender bias is also a barrier in women to the diagnosis of COPD, as demonstrated by a study where spirometry data improved an inherent gender bias seen when physicians were more likely to diagnose COPD in men than women, when both presented with similar symptoms and clinical characteristics [7, 8] .
Spirometry in the Diagnosis of COPD
Primary care physicians, who see the highest numbers of patients with early COPD, underutilize spirometry to help diagnose COPD [9] . Underutilization of spirometry seems to be a worldwide trend, with spirometry being measured in 36.7 % of US VA patients with a recent diagnosis of COPD, and rates of 59 % in Sweden and 56 % in Canada [10, 11, 12 • , 13] . Spirometry is utilized in higher rates at specialty respiratory medicine clinics, likely related to the higher priority placed on spirometry in respiratory illness, available equipment and adequately trained staff, and confidence in the interpretation of the results [14] . Nihilism regarding the utility of spirometry in the management of early-stage COPD and time constraints also lead to reduced use of spirometry in primary care. While current recommendations from the US Preventive Task Force recommend against screening asymptomatic adults for COPD, they do recommend spirometry for adults with respiratory complaints of chronic cough, sputum production, wheezing, and dyspnea [15] . Two common strategies for diagnosing early COPD include case finding, evaluating patients with common COPD symptoms, and screening, evaluating those who are at risk but asymptomatic. COPD has been found to be common in patients who smoke and present to outpatient urgent care centers with symptoms of acute respiratory infection, being found in 27 % overall, of whom 45 % were in GOLD Stage 1 disease [16] . Screening asymptomatic smokers may detect higher numbers of patients with COPD. Comparing symptomatic smokers recruited from the community with evaluation of asymptomatic smokers in a smoking cessation program found a higher prevalence of spirometrically confirmed COPD in those who were asymptomatic 13.3 versus 10.1 %, suggesting that screening of all smokers can detect more cases of COPD [17] . Clearly, suspicion of and confirming the diagnosis of COPD in primary and urgent care practices remains important and key to earlier recognition of the disease. In the era of electronic health records and increased availability of administrative and healthcare data, algorithms have been tested to screen for patients at risk of COPD. Mapel et al. have described two algorithms, one consisting of inpatient, outpatient, and pharmacy resource utilization and one consisting simply of pharmacy utilization and have shown to be helpful in identifying patients at risk of COPD. While the more comprehensive algorithm was more sensitive, the pharmacy-based algorithm required less data collection and may be more easily integrated with other methods of identifying those who should be further evaluated for COPD [18, 19] .
Challenges to Early Detection of COPD
Primary care physicians have cited the lack of clear mortality improvement in many COPD patients, the burden of spirometric testing, and time limitations given other coexisting chronic diseases as reasons for not implementing spirometry into their practices [20] . Data on the performance of spirometry in primary care have been mixed with studies demonstrating improved diagnosis and management of COPD, and others showing no utility to spirometry. This was demonstrated in a retrospective review by Walker et al. [21] which showed that patients with moderate to severe COPD were often not on longer-acting bronchodilators, and office spirometry improved management without the need for specialty referrals. However, a large randomized study among Italian primary care physicians showed no utility of adding spirometry to conventional diagnosis of obstructive lung diseases, including COPD [22] . The study was hindered by lack of enrollment of planned subjects and demonstrated that enthusiasm for spirometry in primary care is low and even with intensive education and promotion is difficult to maintain. However, the last study was reassuring that clinical suspicion based on a good history and physical exam is useful and that COPD should be considered in those at risk.
Benefits of Earlier COPD Diagnosis
The importance of early diagnosis of COPD in altering the course of disease remains controversial. Recent, intriguing evidence showing that the rate of lung function decline is highest in the moderate stages of disease raises hope that earlier accurate diagnosis of COPD, more intense tobacco cessation efforts, and earlier initiation of specific therapies could improve outcomes. In Fletcher and Peto's original work on the natural history of tobacco-related obstructive lung disease, loss of lung function, as measured by FEV 1 , was originally thought to accelerate over time in patients with COPD [23] . More recent data collected from the placebo arms of pharmacologic trials suggest important differences. Tantucci and Modina [24 •• ] found that the rate of FEV 1 decline was highest in patients with GOLD Stage 3 disease and decreased with more advanced disease. Drummond et al. [25 • • ] also looked at predictors of death or rapid lung function decline in the Lung Health Study and found that many smokers with mild to moderate COPD had more rapid decreases in FEV 1 . In this study, FEV 1 /FVC ratios less than 65 % and lower FEV 1 percentages at baseline were associated with accelerated lung function decline, highest in continuing smokers, but also high in intermittent or continuous quitters. Tobacco cessation holds the greatest impact in reducing progressive loss of lung function, and it remains unclear whether earlier diagnosis of COPD leads to higher quit rates. Initial positive results have been found when spirometry is added to brief cessation advice, resulting in a higher quit rate in smokers found to have obstructive lung disease [26] . A lung age, a term developed to help physicians explain spirometry results, has been developed and has shown promise in doubling smoker quit rates, but study methodology has been criticized [27, 28] . Disappointingly, the only randomized, controlled trial of adding spirometry to tobacco counseling showed no benefit [29] . Earlier detection of COPD could also get patients onto more effective therapies sooner. This would be hoped to modify the course of the disease, which is determined, by the rate of FEV 1 decline and the frequency of exacerbations. Exacerbations clearly affect quality of life, and there is an accelerated decline in FEV 1 during these episodes [30, 31] . Certainly patients with frequent exacerbations regardless of absolute FEV 1 value and those with symptoms such as dyspnea, which limits their activity, should be considered for maintenance therapy. Currents options for maintenance therapy are increasing but generally include combination inhaled corticosteroids (ICS) and long-acting beta agonists (LABA), LABAs alone, or long-acting muscarinic antagonists alone. Newer combinations of these medication classes are being introduced. Maintenance therapy in patients with moderate COPD, FEV 1 50-80 % predicted, has been shown to reduce the rate of decline of FEV 1 and even mortality. The subset of patients with moderate COPD in the Towards a Revolution in COPD Health (TORCH) study benefitted from the combination of salmeterol/fluticasone and had improved FEV 1 values and quality of life, a reduction in the frequency of exacerbations, and even reduced mortality [32, 33] . Trending towards significance, the rate of decline of FEV 1 also improved with this combination therapy. Another subset analysis of patients with moderate COPD enrolled in the Understanding Potential Long-Term Impacts on Function with Tiotropium (UPLIFT) demonstrated that this longacting anticholinergic can slow the rate of FEV 1 decline, improve quality of life, and reduce exacerbations [34, 35] . A recent intriguing study showed that among smokers found to have rapid FEV 1 decline, defined as a drop by 30 ml per year or more, more frequently developed symptomatic COPD during the 3 years follow-up and that the use of angiotensin converting inhibitors (ACE-I) seemed to prevent the FEV1 decline [36 • ]. The role of initiation of these therapies in mild COPD, FEV 1 over 80 % predicted, has not been adequately studied and currently would be limited to those with more frequent exacerbations or had existing dyspnea which impacted their activity level and quality of life.
Harms of Increased Screening for COPD
Among the goals of the GOLD criteria creation was to simplify the diagnosis of COPD by requiring only an FEV 1 /FVC ratio of less than 70 % after excluding other causes. In doing so, the number of patients with COPD increased two-to threefold [37] . An increase in adverse reactions to medications as well as the high cost to patient and society of the medications themselves would need to be balanced against purported benefits. Presently, to minimize these harms, the diagnosis of COPD should be pursued in only those patients with symptoms of dyspnea, cough, or wheezing, especially those who have exposures to tobacco or other exposures implicated in COPD development. Pharmacologic therapy should be directed at improvement in dyspnea, which detracts from quality of life and those patients with moderate to severe COPD, those with symptomatic dyspnea, and those with frequent exacerbations [38] .
Conclusion
COPD will remain a large-scale public health issue and identifying those at risk and ensuring proper diagnosis is vital. A focused history and physical exam can identify those at risk, and spirometry can be used in select patients to confirm the diagnosis. Future use of electronic medical records and pharmacy records could supplement clinicians' efforts. Interventions and treatment aimed at encouraging and improving tobacco cessation rates remains the single most important factor to modify the course of the disease. While maintenance pharmacologic therapy is usually not indicated in mild COPD, research shows potential benefit in those with moderate disease, although more information is needed regarding long-term outcomes and how these medications influence the course of COPD. If more interventions early in the course of COPD are shown to improve quality of life and reduce mortality and morbidity, many challenges to the diagnosis of COPD can be overcome.
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